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ELECTRONIC COMPONENT AND METHOD OF PRODUCING THE SAME 
BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an electronic 
component and a method of producing the same, and more 
particularly to a ceramic electronic component having 
improved external terminal electrodes and a method of 
producing the same. 

2 . Description of the Related Art 

Fig. 15 is a perspective view showing a conventional 
ceramic electronic component 1. 

The ceramic electronic component 1 defines a capacitor, 
an inductor, a resonator, a circuit substrate, or other 
suitable electronic components. The ceramic electronic 
component 1 includes a member 2 having a laminated or 
single- layer structure. 

The ceramic electronic component member 2 has a 
rectangular parallelepiped shape which includes first and 
second main surfaces 3 and 4 disposed opposite to each other 
and four side surfaces 5, 6, 7, and 8 connecting the first 
and second main surfaces 3 and 4. A plurality of external 



terminal electrodes 9 is provided on at least one side 
surface of the ceramic electronic component member 2, for 
example, on the side surfaces 5 and 7. These external 
terminal electrodes 9 are provided on the inner walls 10 of 
concavities having a semicircular cross-section provided on 

the side surfaces 5 and 7. 

The ceramic electronic component 1 is produced as 

follows . 

First, a ceramic green molded product 11 as shown in 
Fig. 16 is produced. When the ceramic electronic component 
member 2 has a laminated structure, a plurality of ceramic 
green sheets are laminated to produce the ceramic molded 
product 11. A plurality of the ceramic electronic 
components 1 are produced from the ceramic green molded 
product 11. 

Next, a plurality of through-holes 12 are formed in the 
ceramic green molded product 11 as shown in Fig. 16. The 
positions of the through-holes 12 correspond to positions 
where the external terminal electrodes 9 are to be formed. 

Moreover, as shown in Fig. 16, cutting grooves 15 are 
fomed on one main surface 13 or on both main surfaces 13 
and 14 of the ceramic green molded product 11. Fig. 18 
clearly shows that the cutting groove 15 is formed on both 
of the main surfaces 13 and 14. When a plurality of the 
ceramic electronic components 1 are produced in a later 



process, the cutting grooves 15 facilitate breaking along 
the boundary lines between the plurality of the ceramic 
electronic components. For example, the cutting grooves 15 
are formed to have a depth that is equal to about one third 
to one sixth of the thickness of the ceramic green molded 
product 11. 

Then, the ceramic green molded product 11 is fired, 
whereby a ceramic sintered product 16 can be obtained* Fig. 
17 is a cross-sectional view of a portion of the ceramic 
sintered product 16. 

Subsequently, electrically conductive paste 17 is 
applied on the inner walls of the through-holes 12, and 
thereby, the terminal conductors 18 to be formed into the 
external terminal electrodes 9 are formed on the inner walls 
of the through-holes 12, respectively, as shown in Fig. 17. 
To form each terminal conductor 18, for example, screen 
printing is performed. That is, the ceramic sintered 
product 16 is placed on a stand 21 having holes 20 to which 
a vacuum is applied as shown by arrows 19, with the holes 20 
and the through-holes 12 being aligned. The electrically 
conductive paste 17 is applied onto the inner walls of the 
through-holes 12 by moving a squeegee 23 over a screen 22. 

In the above -described screen printing process, the 
electrically conductive paste 17 is applied to the main 
surface 13 of the ceramic sintered product 16 in a desired 



pattern, if necessary, whereby conductor films for wiring 
are formed. 

Succeedingly, the terminal conductors 18 and the 
conductor wiring films formed with the conductive paste 17 
are fired. 

If the ceramic green molded product 11 has a laminated 
structure, the process illustrated in Fig. 17 is carried out 
for the ceramic green molded product 11 in the green state. 
In some cases, the conductive paste 17 forming the terminal 
conductors 18 and the other wiring conductors are fired 
together with the ceramic green molded product 11. 

Next, the surfaces of the terminal conductors 18 are 
plated with nickel/gold, nickel/tin, nickel/solder, or other 
suitable conductive material. 

Next, components are mounted on the main surface 13 of 
the ceramic sintered product 16. 

The cutting grooves 15 may be formed after the process 
illustrated Fig. 17, which is carried out before firing, 
after the plating process, or after the components are 
mounted. 

The ceramic sintered product 16 having the terminal 
conductors 18 disposed on the inner walls of the through- 
hole 12 are formed as described above. Fig. 18 shows a 
portion of the ceramic sintered product 16 . 

Then, the ceramic sintered product 16 is broken along 
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the cutting grooves 15, and the plurality of the ceramic 
electronic components 1 are separated. Fig. 19 is a 
partially enlarged perspective view of a portion of the 
separated ceramic electronic component 1. Fig, 19 shows a 
concavity 10 formed by splitting the through-hole 12 and the 
external terminal electrode 9 formed by splitting the 
:L terminal conductor 18 . 

^ When the ceramic sintered product 16 is broken as 

t; ' £ 

-p described above, the terminal conductors 18 are split when 

fy tensile stress is applied. Therefore, the splitting forms 

#1 K M 

J split surfaces 24 which are exposed on the external terminal 

I . electrode 9 . 

y The above -described ceramic electronic component 1 and 

O the method of producing the same have the following problems. 

The split surfaces 24 formed on the external terminal 
electrodes 9 oxidize because they are not plated with the 
plating film. Thus, the soldering properties of the split 
surfaces 24 are deteriorated. As a result, satisfactory 
soldering to the external terminal electrodes 9 is not 
possible. 

Moreover, when the ceramic sintered product 16 are 
broken along the cutting grooves 15, the through-holes 12 
are split in such a manner that the terminal conductors 18 
on the inner walls of the through-holes 12 are torn off. 
Thus, the terminal conductors 18 often do not accurately 



split into halves along the cutting groove 15, In some 
cases, severe defects are caused. That is, one of the 
halves is chipped which causes electrical disconnection. 
Moreover, a fatal deficiency may be caused. That is, the 
terminal conductors 18 may be partially chipped together 
with a portion of the ceramic sintered product 16 . 

To solve the above -described problems, the thickness of 
each terminal conductor 18 and that of the plating film 
formed thereon is decreased. However, the decrease of the 
thickness causes a defect, such as disconnection. 

If the external terminal electrodes 9 are formed after 
the ceramic sintered product 16 is broken along the cutting 
grooves 15, the above -described problems are solved. 
However, in this case, the production efficiency is 

deteriorated. 

Moreover, to solve the above-described problem of 
chipping of the external terminal electrodes 9 caused when 
the ceramic sintered product 16 is broken along the cutting 
grooves 15, the terminal conductors 18 must be hollow, as 
clearly shown in Fig. 17. Therefore, the diameter of the 
through-hole 12 cannot be significantly reduced. As a 
result, the size of the ceramic electronic component 1 
cannot be significantly reduced. 

As shown in Fig. 17, the terminal conductors 18 are 
formed to be hollow as described above while the peripheries 



of the holes 21 of the stand 20 are not smeared with the 
conductive paste 17. Accordingly, the conductive paste 17 
must be screen-printed while a vacuum is applied to the 
holes 20 each having a diameter larger than the through- 
holes 12. Thus, portions 25 extending onto the main 
surfaces 13 and 14 are formed for each of the external 
terminal electrodes 9. However, the presence of the 
extended portions 25 prevents substantial reduction of the 
interval at which the external terminal electrodes 9 are 
arranged. As a result, a substantial reduction in the size 
of the ceramic electronic component 1 cannot be achieved. 

The characteristics of the ceramic electronic 
components 1 must be measured before the components 1 are 
shipped. However, before the ceramic sintered product 16 is 
broken along the cutting grooves 15, the terminal conductors 
18 to be formed into the external terminal electrodes 9 of a 
ceramic electronic component 1 are continuous to those of 
the adjacent ceramic electronic component 1 in the sintered 
product 16. Thus, the characteristics of each ceramic 
electronic component 1 cannot be measured before the ceramic 
sintered product 16 is broken along the cutting grooves 15. 
Thus, the measurement of the characteristics cannot be 
efficiently performed. 

If the ceramic electronic component 1 is used as a 
circuit board, other electronic components may be mounted 
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onto the main surface 3 or 4 of the ceramic electronic 
component member 2. In this case, the mounting of the 
electronic components onto the ceramic sintered product 16 
is more efficient. However, the characteristics of each of 
the ceramic electronic components 1 cannot be measured, when 
the components are present in the form of the assembled 
Z electronic component. Thus, the electronic components are 

^ mounted on defective ceramic electronic components as well 

■S as acceptable ceramic electronic components. This increases 

lU the cost of manufacturing the electronic components. 

*" " — * 

n SUMMARY OF THE INVENTION 

• ^•VWWr 

'b^ To overcome the above -described problems, preferred 

Q embodiments of the present invention provide a greatly 

improved electronic component and a method of producing the 

same . 

According to a first preferred embodiment of the 
present invention, an electronic component includes a member 
having first and second main surfaces opposite to each other, 
and four side surfaces connecting the first and second main 
surfaces, at least one of the side- surf aces being provided 
with a recess portion extending from the first main surface 
to the second main surface, and a plurality of external 
terminal electrodes arranged in the recess portion. 

The external terminal electrodes are arranged to extend 



from the first main surface to the second main surface, or 
may be arranged to extend from the first main surface, but 
not reaching the second main surface. 

Preferably, a plurality of concavities are arranged in 
the recess portion, and the external terminal electrodes are 
arranged so as to be filled into the concavities, and the 
surface of the external terminal electrodes have a common 
flat surface with the bottom surface of the recess portion. 

The member of the electronic component has a laminated 
structure or a single layer structure. If the member of the 
electronic component has a laminated structure, the member 
includes a plurality of ceramic layers laminated together, 
and an internal conductor film provided on a desired 
interface between the ceramic layers - 

Preferably, an external conductor film is provided on 
at least one of the first and second main surfaces of the 
member of the electronic component. 

Preferably, the external terminal electrodes each have 
a portion extending onto at least one of the first and 
second main surfaces. 

The surface of each external terminal electrode is 
preferably entirely covered with a plating film. 

Moreover, another preferred embodiment of the present 
invention provides a method of producing an electronic 
component . 



According to a second preferred of the present 
invention, a method of producing an electronic component 
includes the steps of preparing a ceramic green molded 
product having a plurality of terminal conductors to be 
formed into external terminal electrodes and extending in 
the thickness direction over at least a portion of the 
thickness thereof, forming a via-hole having an elongated 
cross section along a line on which the plurality of the 
terminal conductors of the ceramic green molded product are 
arranged, the via-hole piercing the ceramic green molded 
product between the first and second main surfaces thereof 
opposite to each other, wherein a portion of each of the 
plurality of the terminal conductors is exposed on the inner 
surface of the via-hole, firing the ceramic green molded 
product to obtain a ceramic sintered product, and splitting 
the ceramic sintered product along a split line passing 
through the via-hole, wherein the terminal conductors 
exposed on the inner surface of the via-hole are arranged in 
a recess portion formed by splitting the via-hole, and the 
ceramic electronic component is separated from the ceramic 

green molded product. 

In the case in which the electronic component has a 
laminated structure, preferably, the step of preparing the 
ceramic green molded product includes laminating ceramic 
green sheets having a plurality of the terminal conductors 
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provided in the thickness direction thereof so as to pass 
through the ceramic green molded product. 

Moreover, the step of preparing the ceramic green 
molded product may further include forming conductor films 
and via-hole conductors for wiring on and in the ceramic 

green sheets . 

According to a third preferred embodiment of the 
present invention, a method of producing an electronic 
component includes the steps of preparing a ceramic green 
molded product, forming a via-hole having an elongated cross 
section which pierces the ceramic green molded product 
between the first and second main surfaces opposite to each 
other, firing the ceramic green molded product to obtain a 
ceramic sintered product, forming a plurality of external 
terminal electrodes on the ceramic green molded product or 
the ceramic sintered product so as to be arranged on the 
inner surface of the via-hole, and splitting the ceramic 
sintered molded product along a split line passing through 
the via-hole, whereby the plurality of the external 
electrodes formed on the inner wall of the via-hole are 
arranged in a recess portion formed by splitting the via- 
hole, and the ceramic electronic component is separated. 

In the case in which the electronic component has a 
laminated structure, the step of preparing the ceramic green 
molded product includes laminating a plurality of ceramic 
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green sheets. 

Preferably, the step of preparing the ceramic green 
molded product includes forming a conductor film or a via- 
hole conductor for wiring. 

According to the second and third preferred embodiments 
of the present invention, preferably, the ceramic sintered 
product is an assembled electronic component from which a 
plurality of the electronic components are separated, the 
step of splitting the ceramic sintered product includes 
splitting the assembled electronic component, and in the 
step of forming the via-hole, the via-hole is formed so as 
to split the terminal conductors. Specifically, according 
to the second preferred embodiment of the present invention, 
in the step of forming the via-hole, the via-hole is formed 
so as to split the terminal conductors. 

Preferably, the method of producing a ceramic 
electronic component further includes the step of measuring 
the characteristics of each of the ceramic electronic 
components in the state of the assembled electronic 
component before the step of splitting the assembled 
electronic component. 

Also preferably, the method of producing a ceramic 
electronic component further includes the step of plating 
the surfaces of the external terminal electrodes before the 
step of splitting the ceramic sintered product. 



- 13 - 



The present invention is also intended for a ceramic 
electronic component obtained by the above -described method 
of producing the ceramic electronic component. 

Other features, elements, characteristics, and 
advantages of the present invention will become more 
apparent from the following detailed description of the 
preferred embodiments of the present invention with 
reference to the attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a perspective view showing a ceramic 
electronic component according to a preferred embodiment of 
the present invention. 

Figs. 2A and 2B are perspective views of a ceramic 
green sheet to be prepared for production of the ceramic 
electronic component shown in Fig. 1, and illustrate the 
processes which are sequentially carried out on the ceramic 
green sheet. 

Figs. 3A and 3B are perspective views of a ceramic 
green molded product obtained by laminating a plurality of 
ceramic green sheets including the ceramic green sheet shown 
in Fig. 2, and illustrate the processes which are 
sequentially carried out on the ceramic green molded product. 

Fig. 4 is a perspective view of a ceramic sintered 
product obtained by sintering the ceramic green molded 
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product shown in Fig. 3B, 

Fig. 5 is a partially enlarged plan view of the ceramic 
green molded product shown in Fig. 3B. 

Fig. 6 is a partially enlarged plan view of the portion 
of a ceramic green molded product corresponding to that 
shown in Fig. 5, and illustrates a modification of the 
terminal conductors. 

Fig. 7 is a plan view of a portion of the ceramic green 
molded product shown in Fig. 5, and illustrates another 
modification of the terminal conductor. 

Fig. 8 is a bottom view of a modification of the 
ceramic electronic component. 

Fig. 9 is a plan view of a further modification of a 
ceramic electronic component . 

Fig. 10 is a front view of still a further modification 
of the ceramic electronic component. 

Fig. 11 is a front view of another modification of the 
ceramic electronic component . 

Fig. 12 is a front view of yet another modification of 
the ceramic electronic component. 

Fig. 13 is a perspective view of a portion of a ceramic 
green molded product that illustrates a method of producing 
a ceramic electronic component according to a preferred 
embodiment of the present invention. 

Fig. 14 is a perspective view of the ceramic green 
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molded product shown in Fig. 13, having external terminal 
electrodes provided thereon. 

Fig. 15 is a perspective view of a conventional ceramic 
electronic component. 

Fig. 16 is a perspective view of a ceramic green molded 
product prepared for production of the ceramic electronic 
component shown in Fig. 15. 
^ Fig. 17 is a cross sectional view of a ceramic sintered 

C product obtained by sintering the ceramic green molded 

product, and illustrates the process in which the terminal 
conductors are provided on the ceramic sintered product. 

Fig. 18 is a perspective view of a portion of the 
ceramic sintered product having the terminal conductor 
Q provided thereon as shown in Fig. 17. 

Fig. 19 is a perspective view of a portion of the 
ceramic electronic component obtained by splitting the 
ceramic sintered product shown in Fig. 18. 
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DETAILED DESCRIPTION OF PREFERRED EMBODIMEISTTS 
Fig. 1 is a perspective view showing a ceramic 

electronic component 31 according to a preferred embodiment 

of the present invention. 

The ceramic electronic component 31 preferably includes 

a member 32 having first and second main surfaces 33 and 34 

disposed opposite to each other and four side surfaces 35, 
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36, 37, and 38 connecting the first and second main surfaces 
33 and 34 . 

At least one side surface of the ceramic electronic 
component member 32, for example, the side surfaces 35 and 
36 are provided with recess portions 3 9 that extend from the 
first main surface 33 to the second main surface 34. A 
plurality of external terminal electrodes 40 is arranged in 
each recess portion 39. In addition, the surface of the 
external terminal electrodes 40 has a common flat surface 
with the bottom surface of the recess portion 39. 

In this preferred embodiment, the external terminal 
electrodes 40 are arranged so as to extend from the first 
main surface 33 to the second main surface 34. A plurality 
of concavities 41 are arranged in the recess portion 39. 
The external terminal electrodes 40 fill the concavities 41. 

A desired number of external conductor films 42 are 
provided on the first main surface of the electronic 
component member 32. The external conductor films 42 are 
electrically connected to respective external terminal 
electrodes 40. Components (not shown) are mounted on the 
main surface 33 so as to be electrically connected to the 
external conductor films 42. Moreover, a cap is mounted on 
the main surface 33 to cover the mounted components. 

The external conductor films may be also provided on 
the second main surface 34 of the electronic component 
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member 32, though not shown in Fig. 1. 

Preferably, the exposed- surfaces of the external 
terminal electrodes 40 are entirely coated with a plating 
film. 

To produce the above-described ceramic electronic 
component 31, processes are performed as described below 
with reference to Figs. 2A to 4. The method of producing 
the ceramic electronic component 31 described below is 
directed to the electronic component member 32 having a 
laminated structure. 

First, a ceramic green sheet 43 is prepared as shown in 
Fig. 2A. A plurality of through-holes 44 are formed so as 
to be arranged at desired positions. In this preferred 
embodiment, the through-holes 44 each preferably has a 
substantially a rectangular cross-section. 

Electrically conductive paste is filled into the 
respective through-holes 44, as shown in Fig. 2B. Thus, 
terminal conductors 45 are arranged to pass through the 
ceramic green sheet 43 in the thickness direction. 

Succeedingly, electrically conductive paste is applied 
on the ceramic green sheet 43, e.g., by screen printing, as 
shown in Fig. 2C. Thus, conductor films 46 for wiring are 
arranged in a desired pattern. The conductor films 46 may 
become the above-described external conductor films 42 or 
internal conductor films, depending upon the locations of 
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the ceramic green sheet 43 when it is laminated. 

The conductor films 46 are formed simultaneously when 
the process of filling the through-holes 44 with the 
conductive paste for formation of the terminal conductors 45 
is performed. 

Via-hole conductors for wiring are formed in the 
ceramic green sheet 43, though not shown in Figs. 2A to 2C. 
Through-holes for forming the via-hole conductors may be 
formed simultaneously when the process of forming the 
through-holes 44 shown in Fig, 2B is performed. 

Succeedingly, a plurality of ceramic green sheets 
including the ceramic green sheet 43 are laminated and 
pressed in the lamination direction. Thus, a ceramic green 
molded product 47 shown in Fig. 3A is prepared. The 
plurality of the terminal conductors 45 are arranged so as 
to extend in the ceramic green molded product 47 over at 
least a portion of the thickness thereof. In this preferred 
embodiment, the terminal conductors 45 are arranged so as to 
pass through the ceramic green molded product 47 in the 
thickness direction thereof. 

Next, via-holes 48 having an elongated cross section 
are formed along lines on the ceramic green molded product 
47 along which the plurality of the terminal conductors 45 
are arranged. The via-holes 48 pierce the ceramic green 
molded product 4 7 between the first and second main surfaces 
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4 9 and 50 opposite to each other. 

The plurality of the terminal conductors 45 are 
individually split by the formation of the via-holes 48 
described above, as shown in the enlarged view of Fig. 5. A 
portion of each of the plurality of the terminal conductors 
45 formed by splitting is exposed on the inner surface of 
the piecing hole 48. The portion of each terminal conductor 
45 formed by splitting defines the external terminal 
electrode 40. 

Next, cutting grooves 51 are formed on one main surface 
49 or on both the main surfaces 49 and 50 of the ceramic 
green molded product 47 as shown in Fig. 3B. The cutting 
grooves 51 are formed along split lines formed for splitting 
in a later process. Special cutting grooves 51 are 
positioned to pass through the via-holes 48 having an 
elongated cross section. The cutting grooves 51 are formed, 
for example, to have a depth equal to about one third to one 
sixth the thickness of the ceramic green molded product 47. 

Next, the ceramic green molded product 47 is fired, 
whereby a ceramic sintered product 52 shown in Fig. 4 is 
obtained. At the firing, the conductive paste applied to 
form the terminal conductors 45 is also sintered. The 
ceramic sintered product 52 has substantially the same shape 
and size as the ceramic green molded product 47 except that 
the ceramic sintered product 52 shrinks due to the firing. 
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Succeedingly, the surfaces of the external terminal 
electrodes 42 formed by splitting the terminal conductors 45 
are plated with nickel/gold, nickel/tin, nickel/ solder, or 
other suitable conductive material. In this plating process, 
the external conductor films 42 formed on the outer surfaces 
of the ceramic sintered product 52 may be also plated. 

The above-described process produces ceramic electronic 
components 31 on the respective areas divided by the cutting 
grooves 51 formed along the split lines on the ceramic 
sintered product 52. These ceramic electronic components 31 
are electrically independent from each other. Accordingly, 
the characteristics of the individual ceramic electronic 
components 31 can be measured using the external terminal 
electrodes 40 as terminals, which are formed by splitting 
the terminal conductors 45. 

Other electronic components are mounted onto the 
ceramic electronic components 31 which are measured and 
determined to have acceptable characteristics, and 
subsequently, the electronic components are capped. 

Next, to separate the plurality of the ceramic 
electronic components 31 from each other, the ceramic 
sintered product 52 is broken along the cutting grooves 51. 

Thus, the ceramic electronic component 31 shown in Fig. 
1 is obtained. Each of the plurality of the external 
terminal electrodes 40 of the ceramic electronic component 
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31 includes a portion of the terminal conductor 45 exposed 
on the inner surface of the via-hole 48. The recess 
portions 39 are formed by splitting the via-holes 48. The 
plurality of the external terminal electrodes 40 are 
arranged in each recess portion 39. 

A modification of the preferred embodiment described 
above is described below. 

In the above -described preferred embodiment, the 
terminal conductor films 45 to be formed into the external 
terminal electrodes 40 are provided in the through-holes 55 
having a substantially rectangular cross section, as shown 
in Fig. 5. The terminal conductor films 45 to be formed 
into the external terminal electrodes 4 0 are provided in the 
^ through-holes 44 each having a substantially circular cross 

section, as shown in Fig. 6. Moreover, the through-holes 44 
may have a cross section other than substantially circular. 

Referring to Fig. 6, the elements equivalent to those 
shown in Fig. 5 are designated by the same reference 
numerals, and the repetitive description is omitted. 

Moreover, in the above -described preferred embodiment, 
the terminal conductors 45 are arranged to fill the through- 
holes 44. Each terminal conductor 45 may have a hollow 
portion in the approximate center portion thereof, that is, 
so as to be along the inner wall of the through-hole 44. In 
Fig. 7, the elements equivalent to those shown in Fig. 5 are 
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designated by the same reference numerals, and the 
repetitive description is omitted. 

In Fig. 1, the second main surface 34 of the electronic 
component member 32 is not illustrated. Each of the 
external terminal electrodes 40 may be provided with an 
extended portion 53 that extends onto the second main 
surface 34 of the electronic component member 32. 

The extended portions 53 increase the soldering areas 
of the external terminal electrodes 40 to which conductive 
lands on a printed circuit board (not shown) are soldered. 
Therefore, the extended portions 53 are effective in 
enhancing the bonding strength between the ceramic 
electronic component 31 and the circuit substrate. 

The extended portions 53 may be formed by screen- 
printing electrically conductive paste on the ceramic green 
molded product 47 or the ceramic sintered product 52 . The 
extended portions 53 may be provided on the first main 
surface 33 of the electronic component member 32. 

In Fig. 8, the elements equivalent to those shown in 
Fig. 1 are designated by the same reference numerals and 
repetitive description is omitted. 

In the above -described preferred embodiment, one recess 
portion 39 is provided on each of the side surfaces 35 and 
37 of the electronic component member 32. Two recess 
portions 39 may be provided for each of the side surfaces 35 



and 37, as shown in Fig. 9, Thus, the number of the recess 
portions 39 may be changed as desired. 

In Fig. 9, the external conductor films 42 are not 
shown, and the elements equivalent to those shown in Fig. 1 
and so forth are designated by the same reference numerals. 
Repetitive description is omitted. 

Moreover, in the above -de scribed preferred embodiment, 
the external terminal electrodes 40 are arranged so as to 
extend from the first main surface 33 to the second main 
surface 34 of the electronic component member 32. 
Alternatively, the external tenminal electrodes 40 shown in 
Figs. 10, 11, and 12 may be formed so as not to extend to 
the fist and second main surfaces 33 and 34. 

In Fig. 10, the external terminal electrodes 40 do not 
extend to the first main surface 33. 

In Fig. 11, the external terminal electrodes 40 do not 
extend to the first and second main surfaces 33 and 34. 

In Fig. 12, each external terminal electrode 40 does 
not extend to the first main surface 33, and also, each 
external terminal electrode 40 is separated into two 
portions in the thickness direction of the electronic 
component member 32. 

The external terminal electrodes 40 configured as shown 
in Figs. 10 to 12 may be formed as follows. The ceramic 
green sheets 43 having the terminal conductors 45 shown in 
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Fig, 2 and ceramic green sheets not having the above- 
described terminal conductors are laminated in a desired 
order in the lamination process to obtain the ceramic green 
molded product 47. 

The external terminal electrodes 40 shown in Figs. 10 
to 12 are arranged so as not to extend to the first main 
surface 33 of the electronic component member 32. Thus, the 
area on the first main surface 33 on which electronic 
components are mounted is greatly increased. When the 
ceramic electronic component 31 is mounted on a printed 
circuit board by soldering, solder fillets are formed to 
cover the external terminal electrodes 40. The heights of 
the solder fillets are controlled. If the ceramic 
electronic component 31 is used in a high frequency circuit, 
the solder fillets function as an inductance component. 
Accordingly, by controlling the heights of the solder 
fillets as described above, the inductance component itself 
and variations in the inductance component are greatly 
reduced. 

Specifically, the external terminal electrodes 40 shown 
in Fig. 11 are arranged so as not to extend to the second 
main surface 34 of the electronic component member 32. Thus, 
undesirable short-circuiting is effectively prevented 
between the ceramic electronic component 31 and the 
conductive lands on a printed circuit board onto which the 



ceramic electronic component 31 is mounted. 

Referring to the external terminal electrodes 40 shown 
in Fig. 12, the portion of each electrode 40 positioned near 
the second main surface 34 is used for soldering to the 
printed circuit board, while the portion of each electrode 
40 positioned near the first main surface 33 is used for 
soldering a cap which is mounted to cover the first main 
surface 22, 

Moreover, in the above -described preferred embodiment, 
the cutting grooves 51 are formed on the ceramic green 
molded product 47 before it is fired. The process of 
forming the cutting grooves 51 may be optionally altered. 
For example, the cutting grooves 51 may be formed on the 
ceramic sintered molded product 52 after sintering. In this 
case, to form the cutting grooves 51, a laser and a scriber 
provided with a diamond blade are utilized. 

In the electronic component member 31 shown in Fig. 1, 
the recess portions 39 and the external terminal electrodes 
40 are provided on the side surfaces 35 and 37 only. 
However, the recess portions and the external terminal 
electrodes may be further provided on the side surfaces 36 
and 38. Moreover, the recess portions 39 and the external 
terminal electrodes 40 may be provided on any one of the 
side surfaces 35 to 38. 

In the above -described preferred embodiment, the 



electronic component member 32 has a laminated structure. 
The above -described method of producing the ceramic 
electronic component can be performed even if the ceramic 
electronic component includes an electronic component member 
having a single layer structure. In this case, the above- 
described method of producing the ceramic electronic 
component described with reference to Figs. 3 and 4 is 
applied to a ceramic green molded product having 
substantially the same configuration as the ceramic green 
sheet 43 shown in Fig, 2. 

In the above -described preferred embodiment, in 
production of the ceramic electronic component 31, the 
ceramic sintered product 52, which is an assembled ceramic 
electronic component 31, is produced and split, such that 
the plurality of the ceramic electronic components 31 are 
divided and separated. Alternatively, a ceramic sintered 
product for the production of a single ceramic electronic 
component may be produced, in which the ceramic sintered 
component is split along split lines passing through the 
via-holes having an elongated cross section such that the 
periphery of the ceramic sintered product is removed. Thus, 
the single ceramic electronic component is obtained. In 
this case, it is not necessary to form the via-holes each 
having an elongated cross section such that the terminal 
conductors can be split. The piecing holes each having an 
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elongated cross section may be simply provided such that a 
portion of each terminal conductor is exposed on the inner 
surface of the via-hole. 

Moreover, in the above -described preferred embodiment, 
the terminal conductors 45 are formed into the external 
terminal electrodes 40 previously provided for the ceramic 
green molded product 47, Alternatively, the method of 
forming the external terminal electrodes may be changed as 
follows . 

A ceramic green molded product 61 not provided with the 
terminal conductors is formed as shown in Fig. 13- Via- 
holes 62 having an elongated cross section are formed so as 
to pierce the ceramic green molded product 61 between the 
first and second main surfaces opposite to each other. 
Internal conductor films 63 formed inside the ceramic green 
molded product 61 are partially exposed on the inner surface 
of the via-hole 62. 

Referring to the production of the above -described 
ceramic green molded product 61, a plurality of ceramic 
green sheets are laminated. Conductor films and via-holes 
for wiring are provided in the respective ceramic green 
sheets. The internal conductor films 63 shown in Fig. 13 
are portions of the above -described conductor films for 
wiring. 

Succeedingly, cutting grooves 64 are formed on the 
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first and second main surfaces along lines passing through 
the via-holes 62 in the ceramic green molded product 61, as 
shown in Fig . 14 . 

A plurality of external terminal electrodes 65 are 
formed so as to be arranged on the inner surfaces of each 
via-hole 62 before or after the cutting grooves 64 are 
formed. The external terminal electrodes 65 are formed so 
as to be electrically connected to the internal conductor 
films 63. The external terminal electrodes 65 are 
preferably formed with electrically conductive paste. The 
conductive paste is applied by screen printing or by use of 
a dispenser or other suitable application method. 

Next, the ceramic green molded product 61 is fired to 
obtain a ceramic sintered product. At this time, the 
conductive paste applied to form the external terminal 
electrodes 65 is sintered. 

Next, the surfaces of the external terminal electrodes 
65 are plated with nickel/gold, nickel/tin, nickel/solder, 
or other suitable conductive material. 

Succeedingly, the ceramic sintered product is broken 
along the cutting grooves 64, and the plurality of the 
ceramic electronic components 31 are separated. In each 
ceramic electronic component 31, the plurality of external 
terminal electrodes 65 formed on the inner surface of each 
via-hole 62, after the piecing hole 62 is split, are 



arranged on the recess portion formed by the splitting. 

In the above-described method of producing the ceramic 
electronic component, the formation of the external terminal 
electrodes 65 may be carried out on the ceramic sintered 
product after the sintering. In this case, the external 
terminal electrodes 65 must be baked in a separate step from 
the sintering step. 

The above-described method is applied to the production 
of the ceramic electronic component provided with the 
electronic component member having a laminated structure. 
Therefore, the ceramic green molded product 61 is formed by 
laminating a plurality of ceramic green sheets. This method 
may be applied to production of a ceramic electronic 
component provided with an electronic component member 
having a single layer structure. In this case, the process 
of laminating ceramic green sheets to produce the ceramic 
green molded product 61 is not necessary. 

In this preferred embodiment, the characteristics of 
each of the ceramic electronic components contained in the 
ceramic sintered product are measured. 

As described above, in the ceramic electronic component 
of the present invention, at least one of the side surfaces 
of the member of the ceramic electronic component is 
provided with a recess portion extending from the first main 
surface to the second main surface, and a plurality of 
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external terminal electrodes are arranged in the recess 
portion. Thus, the ceramic electronic component can be 
produced by the method of producing the ceramic electronic 
component according to one of the second and third preferred 
embodiments of the present invention. 

The method of producing a ceramic electronic component 
according to the second preferred of the present invention 
includes the steps of preparing a ceramic green molded 
product having a plurality of terminal conductors to be 
formed into external terminal electrodes and extended in the 
thickness direction over at least a portion of the thickness 
thereof; forming a via-hole having an elongated cross 
section along a line on which the plurality of the terminal 
conductors of the ceramic green molded product are arranged, 
the via-hole piercing the ceramic green molded product 
between the first and second main surfaces opposite to each 
other, wherein a portion of each of the plurality of the 
terminal conductors is exposed in the via-hole, firing the 
ceramic green molded product to obtain a ceramic sintered 
product, and splitting the ceramic sintered product along a 
splitting line passing through the via-hole, wherein the 
terminal conductors exposed on the inner surface of the via- 
hole are arranged in a recess portion formed by splitting 
the via-hole, and the ceramic electronic components are 
divided. Thus, the following advantages can be obtained. 
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When the ceramic sintered product is split, 
deficiencies such as breaking and peeling of the external 
terminal electrodes are eliminated. Thus, the qualities of 
the obtained ceramic electronic component are greatly 
improved. 

Moreover, the size and arrangement pitch of the 
terminal conductors to be formed into the external terminal 
electrodes is greatly decreased. The external terminal 
electrodes are formed such that no portion thereof extends 
onto a main surface. Accordingly, the external terminal 
electrodes are provided at a high density. Thus, the 
ceramic electronic component is greatly reduced in size, and 
the density of wirings is greatly improved. 

When the plating film is provided on the external 
terminal electrodes, the plating film is maintained after 
the ceramic sintered product is split. Thus, the external 
terminal electrodes do not oxidize, and the soldering 
properties are not deteriorated. 

When the ceramic sintered product is an assembled 
electronic component that is split to produce a plurality of 
the ceramic electronic components, the external terminal 
electrodes for a ceramic electronic component are 
electrically independent from those for other ceramic 
electronic components. Thus, the characteristics of each of 
the ceramic electronic components can be measured while the 
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electronic components are in the state of the assembled 
electronic component. Thus, the process of measuring the 
characteristics is efficiently performed. Moreover, later 
processing of rejected products is prevented. 

The method of producing a ceramic electronic component 
according to the third preferred embodiment of the present 
invention includes the steps of preparing a ceramic green 
molded product, forming a via-hole having an elongated cross 
section which pierces the ceramic green molded product 
between the first and second main surfaces opposite to each 
other, firing the ceramic green molded product to obtain a 
ceramic sintered product, forming a plurality of external 
terminal electrodes on the ceramic green molded product or 
the ceramic sintered product so as to be arranged on the 
inner surface of the via-hole, and splitting the ceramic 
sintered molded product along a split line passing through 
the via-hole, wherein the plurality of the external 
electrodes disposed on the inner surface of the via-hole are 
arranged in a recess portion formed by splitting the via- 
hole, and the ceramic electronic components can be divided. 

Accordingly, the same advantages as those of the method 
of producing a ceramic electronic component according to the 
second preferred embodiment of the present invention are 
obtained, although the size and the arrangement pitch of the 
external terminal electrodes can be reduced to a lesser 



degree as compared to those of the method of producing a 
ceramic electronic component according to the second 
preferred embodiment of the present invention. 

According to the method of producing a ceramic 
electronic component according to the second preferred of 
the present invention, the external terminal electrodes can 
be formed so as not to extend through the member of the 
ceramic electronic component from the first main surface to 
the second main surface. When the external terminal 
electrodes are produced to have the above -described 
configuration, the heights of solder fillets provided 
thereon can be controlled. Therefore, when the ceramic 
electronic component is used in a high frequency circuit, 
the characteristics are stabilized. 

While the present invention has been particularly shown 
and described with reference to preferred embodiments 
thereof, it will be understood by those skilled in the art 
that the foregoing and other changes in form and details can 
be made without departing from the spirit and scope of the 
present invention. 



